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The evolution of coloniality:

the emergence of new perspectives
Etienne Danchin and Richard H. Wagner
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Many hypotheses have been pro-

Overall, some studies show a nega-

posed to explain how colonial
breeding may benefit the individual, but there is still little
support for most of them and none appears compeliing*3,
Until the end of the 1980s, most discussions of how colo-
niality evolved were dominated by the two hypothetical ad-
vantages of enhanced lcod-finding!® (review in Ref. 11) and
reduced predation?1213, By the end of that period, reviews
concluded that avian coloniality is not a simple or unitary
phenomenon and that not all breeding colonies are adaptive
for the same reason®. Recently, however, new hypotheses
involving habitat selection®415 and sexual selection’6.!7 set
the stage for a general framework in the study of coloniality.

The economic framework
Spatial benefits of coloniality

One of the oldest assumptions is that coloniality results
from a limited number of favourable breeding sites relative
to vast available foraging areas®'8, For instance, in elephant
seals (Mirounga leonina), the availability of long portions of
suitable coasthne apparently lead to a decrease in female
breeding density!. However, even if food is not limiting, this
cannot explain why nesting territories should be clumped
while obvious favourable neighbouring areas remain empty,
as has been observed in many species#57.1420, Alternatively,
breeders may concentrate at the place that minimizes the
mean distance travelled between the nest and foraging lo-
cations. However, Brown et af. % noted that because the criti-
cal ions of that * ical model’ probably sel-
dom hold for natural populatlons the model is unlikely to

tive relationship between per
capita nest predation risk and nearest neighbour distance or
colony size, while others have found no relationship or the
opposite trend®'2, The result is that the influence of pre-
dation on breeding dispersion is far from clear12,

Enhanced food finding as a benefit of coloniality

Group living has been suggested to enhance foraging
efficiency. It has been proposed that colonies or communal
roosts might be ‘information centres’ for food finding?22
(review in Ref. 11). Ever since Ward and Zahavi proposed
the information centre hypmhesns almost a quarter ofacen-
tury ago, it has d a series of contr that con~
tinue today®!%, most of which have been seriously criti-
cized'121, To date, the finding of Charles Brown on the cliff
swallow (Hirundo pyrrhonote) is considered to provide the
most convincing evidence™2. In a recent review of the evi-
dence for the information centre hypothesis, Richner and
Heeb!! underlined the rous flaws of that hypothesis,
and showed that the main difficuily in testing it is that most
of its predictions can alicroatively be explained by local
enhancement, in which the recruitment of new feeding part-
ners occurs at the tood patch rather than at the colony.
‘Therefore, the information centre hypothesis of coloniality
is often unfalsifiablell 4,

The recruftment centre hypothesis
Recently, Richner and Heeb!!-%5 proposed an interesting
new idea relating food-finding to coloniality. They suggested
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that the benefits derived from group furaging, rather than
from information transfer at the breeding colony, are more
likely to favour a colony-based [oraging system than the
mechanism of the information centre hypothesis. The ben-
efits derived from group foraging may outweigh the costs
of revealing Information on food location and could there-
fore explain why successful foragers return to a communal
places. Richner and Heeb show, with a cost/benefit analy-
sis, hovs the recruitment centre hypothesis can explain why
successful foragers should return to the colony and give in-
formation once a food patch has been discovered. In agree-
ment with earlier hypotheses invalving foraging behaviour!,
they conclude that high ephemerality of relatively rich food
sources will reduce the effect of food competition because
the duration of a fond source is not strongly correlated with
the rate of exploitation. Under such conditi searching
individuals may be widely dispersed, making it likely that
recruitment at the colony is more efficient than waiting at
the food patch for ather birds to join, or recruiting them to-
cally. The hypothesis proposes that successful foragers
could benefit by using a communal site for recruiting con-
specifics to their newly discovered food patch; less success-
ful foragers could benefit by gaining information concerning
foad discoveries and then following the most promising
individuals.

The recruitment centre hypothesis also explains why
some flock leaders should give aerial displays at the colony
and others may not. In fact, the existence of such displays
strongly supports the recruitinent centre hypothesis, Be-
cause the optimal group size and the net potential benefit in
the different food patches may vary, it will pay to advertise
food patch quality once back at the colony. The intensity of
the recruitment signal by successful foragers should vary
according to the net benefit they can derive by increasing
feeding group size, giving the followers the opportunity to
compa e the different conspecifics that have discovered a
food source. This is a situation akin to the language of bees,
in which the intensity of the recruitment signal is modulated
according to the overall potential benefit of the discovered
food patch.

‘Fwo testable assumptions and predictions of the recruit-
ment centre hypothesis. are that, when offered experimen-
tal ephemeral foor patches mimicking natural situations,
(1) the net benefit of a forager at the food patch is lower at
the initial discovery than after returning and feeding with
the recruits, and (2) birds should stop recruiting other birds
to the caleny when no additional benefit can be achieved by
a further increase of feeding group size®. The recruiting sig-
nalsT at the colony are expected to be initially strong and
then cease at subsequent returns®. Several such experi-
ments showed the recruiting function of food calls in some
colonial species”.The assumptions of the recruitment cen-
tre hypothesis (j.e, high patchiness and ephemerality) can
also be tested in the wild. This would lead to a more precise
understanding of the fascinating link between food finding
and social aggregation.

The problem of the common currency

The aforementioned hypotheses of coloniality have their
basis in classical economics and share a common difficulty:
the costs and benefits of coloniality are usually expressed
in diflerent currencies™2%, and their balance is extremely
difficult to assess?5814. Some authors have proposed that

multiple interacting factorsté, the balance of which may
vary according to the species, population and individual??.
In its classical form, the cost and benelit approuch to colo-
niality involves a series of non-exclusive hypotheses that
propose assumptions and predictions, the tesis of which
have vield:d controversial findings. The resuit is that, de-
spite mor.: than two decades of research, we still lack a
general framework to vrganize all the potential routes to
coloniality*.

Bi g habitat selection - a new fi ®

Recem hypotheses stem from the observation that breed-
ing animal distribution is the result of individual choices of
a breeding site?5117, and several authors have independ-
ently analysed animal aggregation in the framework of habi-
tat selection (Box 1). In selecting a breeding site, individu-
als may rely on cues that indicate the relative quality of
available patches of habitat®. They may have first evolved
an inbred image of the physical and biological characteris-
tics {e.g. substrate quality climate or food) of favourable
hahitats. Second, cues may consist of parameters that inte-
grate multiple environmental factors, such as the presence
of conspecilics™4, or specific fitness components of con-
specifics, such as their reproductive success (RS)!*15, Ani-
mals may also he primarily influenced in selecting a breed-
ing patch by the characteristics of potential partners. The
new hypatheses of coloniality involve the three kinds of
conspecific cues that may influence an animal's decision to
leave or settle in a given patch: the presence of con-
specifics, the reproductive success of conspecilics, and
characteristics of potential partners. The hypotheses
enable tentative predictions on their potential aggregative
effect (Table 1),

A definition of spatial aggregation

The observed clumping of nesting territories may involve
two levels of aggregation. First, nest clumping may simply
reflect local variations in environmental quality, in which
case a linear relationship between local quality and local
density is expected. Thus. aggregation is simply ‘habitat-
medialed”. There may also he additive clumping, with densi-
ties being lower or higher than expected because of variation
in intrinsic local quality. We call this ‘additive or real aggre-
gation”. Some patches may be crowded while others that are
equally lavourable may be underexploited, so that there is
no actual limitation in favourable nesting sites, as has been
shown in various calonial birds*672.1120, Additive aggregation
would scatter the points around the expected line linking
local population size to local quality when aggregation is
simply habitat mediated.

The ideal free distribution

The hypotheses of coloniality involving conspecific-
based habitat selection all involve some kind of ideal free dis-
tribution. This is the distribution that is expectec when ani-
mals space themselves among the habitat patches in direct
relation 1o their intrinsic quality. That distribution directly
(linearly) refiects the variations in patch quality. If the en-
vironment is not patchy, animals are predicted to spread
evenly throughout the habitat. In patchy environments,
there is no additive aggregation (Table 1). Average of fitness
over a given perind of time at equilibrium is similar in dif-

either foed finding' or safety from predators'? can by itself
explain coloniality. Alternatively, it has been argued that a
single benefit is unlikely to explain such a complex and wide-
spread phenomenen’. Caioniality is probably the result of
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ferent patches. but because the ideal iree distribution hy-
pothesis does not provide a behavioural mechanism by
which animals can actually sample their enviranment, it is
difficult to know haw animals may track environmental vari-
ation (Table 1). Such animals would not be classified as
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Table 1. Predicted nesting territory aggregation in the two frameworks proposed to explaln
the evolution ol colnnlnlity
Predxc\ed effect on animal d|smbu(|ons \l enwonm;nt is
Cues and sampling - - S R
Framewark o dale within a Pa(chy + varying in time
hypothesis breeding season Homogenecus Patchy + s(able (but snl\ ured\c(ablel Refs
Cost rberet Not accounted for Difficutt to make pv:mcuons because, bvy trying to estimate Whe balance o! costs and bensﬁs 4.8.9,
at poputation scale. (he economic approach does not involve any havitat selection pracess 12.21.
22,25
Ideal Frae A pnor knowledge of Even distribution Habitat mediated aggregation  Habitat mediated aggregation only.
Distribution patch actual intrind:t oy {L.8. directly refiecting Na mechanism by which individuals
quality palchiness) tan track habitat variability
At equiiibrium, when measured over a certain peried of time, averag fitness is similar
In different patches
Traditional Srmpling of the presence Additive aggregation Additive aggregation Counter selected: animals may keep 5.7,
aggregahon 110, Eroup Size) o7 cues expected: animals may expected: some favourable on going in former gaod patches 14,27
Typothesie of former presence cluster 1 some patches may remain empty  that have deteriorated
otd nests) of conspecifics traditiorally occupied sites because of tradition
early in a season
No clear prediction on fitness at equiliprium
Conspecic RS tate sampiing of Additive aggregation expected, Additive aggregation expevted  Additive ageregation expectod: 15,
hypothesis reproductiive success of Density dependence may animals track habitat variability 29-33,
coAspeciies (i.e. public generate temporary 42
nformanon for next vanations in local RS
o . . .
preecing attempt At equilibrium, when measured over a certain period of time, average itness is similar in
different patches
Sexuat Early sampling of secondary  Aditive aggregation Additive aggregation Additive aggregation expected: 6.16,
selecuion seaual characters of expected: animais would expected: animais cluster animals cluster around top malgs 1748,
(hidde. tok) ootential partrers cluster around tap males, around Lop males (or {or groups of males) which are 36-38 '
Rypsinesis or groups of males groups of males) which are likely to be in currently best
fikely to te in best patches palches
No clear prediction on fitness at equilibrium
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colonial. except if the differences in quality of the various
patches of habitat are very strong.

The traditional aggregation hypothesis

The first use of the ideal iree distribution approach in
the study of coloniality has been called the traditional ag-
gregation (or TAG) hypothesis!4, which proposes that indi-
viduals use the presence of conspecifics37, rather than the
intrinsic physical quality of the patch, to sample and select
a breeding patch. The presence of conspecifics is likely to
reveal the suitability of z patch!t. The TAG hypothesis is
thus a mixture of the ideal iree distribution and conspecific
attraction. The aggregating role ui conspecific attraction
has been demonstrated from field and laboratory experi-
ments in many groups of vertebrates and marine inverte-
brates {Box 1)18. The TAG hypothesis seems to generate
interesting predictions on animal aggregation. However, the
use of the presence of conspecifics is probably not favoured
in a rapidly changing environment. This is because there
may be a time lag during which individuals continue settling
in habitat that was recently of high quality but that has
begun to deteriorate (Table 1).

The reproductive success-based hypothesis of colony
fermation

Another develcpment of the ideal free distribution prin-
ciple resulted from the suggesiion that animals may use spe-
cific fitness rompenents as cues to select habitat. Adult
breeders have been shown to use their own breeding ex-
perience in deciding whether to leave a breeding patch, and

individual breeding success is known to influence nest site
fidelity?. Individuals also use fitness components such as the
reproductive success (RS) of conspecifics to assess patch
quality’s#3". [n the common goldeneye (Bucephala clan-
gula), for instance, Zicus and Hennes® showed that adults
prospect mare in nest hoxes that had contained successfut
nests during the current season than in those in which nests
were abandoned, destroyed or unused. Additionally, active
cavities from which young fledge in one year are preferen-
tially used the following year, even after discounting cavity-
faithful individuals. In the spotted sandpiper (Actitis macu-
{aria), Reed and Oring® showed that the percentage of
prospectors that recruit in the following year was pusitively
associated with the number of eggs laid during the year of
prospecting. in the kittiwake (Rissa tidactyla), 93% of recruits
were seen visiting their future coleny in the year preceding
first breeding, of which 79.6% were seen squatting on active
nests during the abserive of breeders®@3, Those that squatted
on active nests were the most likely to recruit in the follow-
ing season®, The use of fitness components of conspecifics
predicts additive aggregation even in patchy and variable
environments (Table 1).

The sexual selection hypothesis of calony formation
Whereas naturaily selected advantages such as jood-
finding and reduced predation have traditionally been
stressed as explanations for coloniality, sexual selection has
been largely neglected. Sexual selection has lang been as-
sumed to operate only weakly in colonial birds, because
nearly all species are monc

P ly resuiting in

TREE vol. 12, no. 9 Seprember 1997




REVIEWS

low variance in male mating
success. Nevertheless, it was
suggested that competition
for breeding partner can pro-
duce sexual selection that
may pramote coloniality.
Numerous recent studies
have revealed that males in
many socially monogamous
species pursue a mixed mat-
ing strategy of pairing with
one female while copulating
with others®. Morton ef al.'
proposed a link between
extra-pair copulation and
colony formation in purple
martins (Progne rubia).

that system, older males
appear to benefit from high
density nesting by their abil-
ity 1o obtain extra-pair ferti-
lizations from the mates of
younger males. However,
monagamous female birds
may also benefit from extra-
pair copulations®, and in
purple martins, females were
subsequently faund to pur-
sue a mixed mating strat-
egy®, When females pursue
multiple matings, the same
mechanisms that produce
leks are predicted ta operate,
resulting in the aggregation of
male-defended nesting terri-
tories!?¥, Intriguing evi-
dence for this idea has been
found in the bearded tit (Pan-
urus biarmicus) by Hoi and

Box 1. Conspecific-based habitat selection and animal aggregations

The selection of habital based en conspeaic cues has long been as a general mechamsm of "
various taxa? 17 4%, Ir: many manne invertebrates. for nstance. evidence hat conspeadic-based abitat selecton generates
aggregation comes from various unrelated axa such as ascidians. polyzoans.

bivalve mollusks and crustaceans Ifi these animars. pelagic [avae use chemicals released « the environment 3y cor:
specifics to sefect thair habitat. and setile clase to estanlished canspecifics. When given the cluice Between wo identical
substrata previously soaked with extracts of acuits of their owin species or of a closely related species, larvae aggregated
an the substraium soaked with extracts of their ovn species® "

Similar evidence exists in vertebrates. Stamps:* used experiments to show that juveniles of a termtorial 112ard i Analis
aeneus) are attracted to previous settiars and ferm teritonal aggregations even in the absence of patchy resource distr>
bution, Sandwich terns (Stema sandvicensis) are attracled 10 grougs of decoys of breoding ndwiduals?, and first seltle
between the decoys. and then arcund the newily formsed coleny. Boulinier et al found in the kittwake (Rissa tndactyla) that
prospecting mainly accurs towards the ead of a breeding season, a period when focal RS can easily be assessed accurately
in & single visit. Social attraction is often expioitd n ~ird reintroduction programs in arder to draiw groups of raieased individ-
uals 1o the target area. Population managers use decoys (e.g. in i, Mantic puffin Fratercula arctica™). paintings mirnick-
ing droppings 1in the griffon vulture Gyps fulvus ). mounts of mud nf micking recent nests (i the flamingos Phoenicaptenss
ruber ). and tape Jures of active birds (in Leach’s storm petre! Ocveanodroma leucorhoa™’),

Further evidence of a link between aggregation and conspecificbased habitat selection mechanisms comes from the
study of aptimal group size. Theoretical treatments have shown that individual selection can lead to observad group sizes
significantly higher than the aptimal group size< %, Indeed. m highly spatially
into a good patch may occur even if it entails a net fitness cost for established breaders. Owing to the strong differences
between poor and good patches, newcemers viould achieve nigher fitness than in the poor empty patches. Hence. because
of individual selection. groups may form even when the highes! fitness in some gaad patches is achieved by solitary ndr
viduals. This suggests tnat higher 1han ophmal densities may uccur in some gaad patehes. and clusters may form even
when densily is negatively associated with fitness. 1hus paving he way to calonality.

Such issues could e analysed by modelling the effect of varius habitat selectian strategies on animal spatial distrs
bution according to environmental pateiiness and vanesility. Forbes and Karser®, for instance. using a modet incorporating
erwitonmental patehingss. showed that by settiing at an cstablished site, individuals gam evidence Wiat I0c31 CORGIIONS re
tavourable for breeding. In territorial speces. simulations by Stamps and Keishnan® showed that potential settlers abways
atquired larger territories when settlinZ next to nasghoours than when settiing at random or when setthng at some distance
from previous arrivals. This was true even when there was a strang prior-residence advantage™. which suggests 3 spatial
advantage in using the presence of canspecifics in settling decisions.

Complementary theoreticat support for the link between conspecific atiraction and aggregation comes fram the stuay
of optimal foraging. Valone®! showed that the use of public m‘ormaticn {i.e, information on current filness camponents of
conspeciiics) can substantially increase the toraging performance of group foragers. thus favouring socially feeding inds
viduals. The use of foraging success of conspecifics, for instance, has been demonstrated experimentally in the starfing
(Sturmus vulgaris)®, and its perties??, as well as ils. in group faraging*3! have been
theoretically. Valone“2 thus suggested lhal we view animals as Bayesian that i past infl in
their decision making. Clark and Manget! showed that when birds search independently for patches of food while simulta.
neously observing each other. an individual always does better by joining an existing feeding flock than by feeding atone. They
also showed that flocking of faraging birds. even in the absence of predators, is an equilibrium strategy {i.e. an Evolution
arily Stable Strategy)*®. Placing lhese results 1nto the framework of breeding habitat selection pre s theoreticat argu
ments favouring a rale for social attraction in the evolutton of cotoniality.

Hoi-Leitner®. They discovered that females in colonies
incite males to pursue them for exira-pair matings. Females
in colonies were significantly superior in body condition
than solitary lemales, suggesting that they were able to pay
the energetic costs of intersexual chases. No differences
were found in predation or foraging success belween colo-
nial and non-colonial nests. The authors conclude that high
density nesting in hearded tits is produced by female mating
strategies. The sexual selection hypothesis also predicts ad-
ditive aggregation in every kind of environment (Table 1).

'C dity selection’ as a solution to the i

abilities to assess the numerous environmental factors that
act upon fitness. Rather, animals may evaluate a suvile of
ecological lactors using the distrihution of successful con-
specifics and polential mates as their sole reference. In this
approach, ultimate causes and proximate cues of habitat
selection are combined: the RS of conspecifics for instance
is the proximate cue that allows individuals to optimize
their own (ultimate) RS,

The sexual selection hypothesis of coloniality exists in
the same general framework of conspecific-based habitat
selection because potential partners are among the variaus

approach

Qur recurrent failure in solving the puzzle of the evolution
of coloniality underlines the need to develop a new frame-
work. In fact, by only focusing on the uitimate causes of co-
loniality, the econoivic approach neglects proximate mecha-
nisms of breeding habitat selection, and thus cannot be used
to predict trends in spatial distribution of nests (Tabie 1).
The hypotheses that incorporate conspecific cueing into
habitat selection allow us to make such predictions and may
provide such a new framework (Table 1). Their common
assumption is that, because the economic principle is logi-
cal butimpracticable, the solution may be to measure param-
eters - such as consperific cues - that naturally combine the
effects of all the potential costs and benefits of coleniality.
The appraisa! of conspecific cues is parsimonious because
it does not require animals to possess complex cogunitive
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c dities of variable quality that an individual assesses
when selecting a breeding patch, The sexual selection hy-
pothesis addresses information that is not implied in such
fitness components as reprod:ctive success. In this hypoth-
esis. it is the heterageneity of potential partners and mecha-
nisms of mate choice that tends to aggregate individuals
around those of higher quality. In the habitat selection hy-
potheses. it is the spatial heterogencity of the environment
and the use of conspecific cues that generates the aggre-
gation of individuals. Together, the habitat and sexuai selec-
tion hypotheses of coloniality involve the assessment and
selection of all the commaodities necessary to breed - food,
safety, health, mates, fertilization, breeding sites. Thus, com-
modity selection may be the common thread of coloniality.

Qur growing understanding that conspecific cueing can
generate animai aggregation (Box 1) opens new perspectives
for studying coloniality. Observing how animals use
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conspecilics to select hreeding habitat may allow us to pre-
dict patterns of aggregation in dilferent environments
(Table D. This approach may circumvent the problem of
balancing costs and benefits with different currencies.
These costs and benefits directly affect fitness romponents
(such as reproductive sucress) and potential partner qual-
ity. Using the presence or RS of conspecifics and potential
partner quality as the common currency for patch choice is
an indirect but efficient way to weigh costs and benefits.

The use of RS ax » common currency has in fact beenim-
plicitin several cost/benefit studies of coloniality (review in
Rei. 7). For example, Brawn and Brown?22 used chick body
mass and survivorship to weigh the cost of ectoparasitism
against the benefits of enhanced food finding. The RS-based
hypothesis suggests that we use RS as the long-sought com-
mon currency to assess the pros and the cons of coloniality,
The RS is a strong correlate of fitness: its measure implies
the use of an evolutionary paradigm, which per se is the eco-
nomic approach. In a sense the commodity selection hy-
pothesis provides a solution to the economic approach. It
encompasses all the previous approaches: the different
routes ta coloniality all converge at commodity selection.

The hypotheses of the commadity selection framework
do not assume a shortage of favourable breeding sites. To
the contrary, they all predict additive aggregation (Table 1).
The use of conspecific cues rather than the actual intrinsic
local quality leads to distributions that are more clumped
than those predicted by the ideal free distribution alone.
Indeed, such animals would try to breed as closely as poss-
ible to conspecifics with high fitness!® in vrder to benefit
from the same favourable environmental conditions. The
aggregating effect of commodity selection, however, is likely
1o vary according to the cues used when selecting a breed-
ing patch and on the type of environmental variability
{Tabie 1). It may be particularly high if individuals nse the
RS of conspecitics as the currency to assess local quality.
However, because they are under different selective press-
ures, different phenotypes may be more sensitive to various
cues. Accordingly, individuais may be more or less prone to
aggregate, or they may show differences in preferences. In
clitf swallows, for instance, Brown and Brown' observed
that birds sort among colony size according to age, parasite
load and body condition. They hypethesized that colony
size variation reflects phenotype-based colony choice, with
individuals selecting the colony size that is optimal for them.
Such phenotypic variation may explain the colonization of
new patches even in highly gregarious species. Similarly,
selective pressures in various environments may have led
some species to use a particular cue preferentiaily, thus
making sume of them more prone than others to aggregate.

Because the choice of a breeding patch strongly affects
individual fitness, robust decision-making rules are expected,
and the empirical®31-33, experimental®—'1 and theoreticall54
evidence that animals of different taxa use the presence and
success of conspecifics as cues to habitat selection shows
the widespread prevalence of such mechanisms. Thus, the
effects of commodity selection on aggregation are likely to
be widespread in animals.

Prospects

Several assumptions and predictions of the commodity
selection hypothesis of coloniality can be tested using em-
pirical, experimental and theoretical data. In marked natural
populations, empirical tests can correlate current fitness
components with local recruitment and adult fidelity to the
breeding site. Temporal autocorrelation can be used to study
environmenta! predictability between breeding seasons, a

crucial issue for conspecific-based breeding habitat selec-
tion!3#, Experimental tests can involve the manipulation of
the suspected cues (local RS, potential mate quality) in the
wild to assess the effect on local recruitment, breeding adult
site lldehly‘ and local dynamics. For instance, experimental

pulations of the p of pecifics with decoys
have revealed the agyegatmg aflect of social attraction
(Box 1). Such studies should also include analyses of the
evolutionary unction of prospecting both by immat:ire and
adult individuals before setttement. This bei:avioural pat-
tern is widespread in hirds but has been ignored until recent
years. This would allow us to understand the links between
sampling behaviour, breeding habitat selection and animal
aggregation.

The commodity selection hypnthesis of coloniality bridge
some traditional areas of research in evolutionary ecology
(habitat and sexual selection, animal aggregation, sociality
and the evolution of dispersal). It also places the question
of the evulution uf coloniality into the general framework of
animal communication and learning, and view this particu-
lar pattern of sociality as a by-product of habitat and sexual
selection. The ability of individuals to assess and select all
the fitness enhancing commaodities (i.e. food, potential breed-
ing sites and partners) [rom cues produced by conspecifice,
therefore, may play a prominent rale in the evolution of
coloniality, and sociality in general.
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